



Moringa oleifera Leaf Powder as Functional Additive in
Cookies to Protect SH-SY5Y Cells
Domenico Nuzzo 1,† , Pasquale Picone 1,†, Jesus Lozano Sanchez 2,3 , Isabel Borras-Linares 3,
Alessandro Guiducci 4, Emanuela Muscolino 5, Pier Luigi San Biagio 6 , Clelia Dispenza 5,6,* ,
Donatella Bulone 6 , Daniela Giacomazza 6,* and Romano Lapasin 7


Citation: Nuzzo, D.; Picone, P.;
Lozano Sanchez, J.; Borras-Linares, I.;
Guiducci, A.; Muscolino, E.; San
Biagio, P.L.; Dispenza, C.; Bulone, D.;
Giacomazza, D.; et al. Moringa oleifera
Leaf Powder as Functional Additive
in Cookies to Protect SH-SY5Y Cells.
Appl. Sci. 2021, 11, 9995. https://
doi.org/10.3390/app11219995
Academic Editor: Leonel Pereira
Received: 27 September 2021
Accepted: 23 October 2021
Published: 26 October 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Istituto Per la Ricerca e L’innovazione Biomedica, Consiglio Nazionale Delle Ricerche, Via U. La Malfa 153,
90146 Palermo, Italy; Domenico.nuzzo@irib.cnr.it (D.N.); pasquale.picone@irib.cnr.it (P.P.)
2 Department of Food Science and Nutrition, University of Granada, Campus Universitarios,
18071 Granada, Spain; jesusls@ugr.es
3 Center of Research and Development of Functional Food, Health Science Technological Park, Avda. del
Conocimientos, 18100 Granada, Spain; iborras@ugr.es
4 IEMEST-Istituto Euro-Mediterraneo di Scienza e Tecnologia Via M. Miraglia, 20, 90139 Palermo, Italy;
ale.guiducci@hotmail.com
5 Dipartimento di Ingegneria, Università degli Studi di Palermo, Viale Delle Scienze, Bldg 6,
90128 Palermo, Italy; Emanuela.muscolino@unipa.it
6 Istituto di Biofisica, Consiglio Nazionale Delle Ricerche, Via U. La Malfa 153, 90146 Palermo, Italy;
pierluigi.sanbiagio@cnr.it (P.L.S.B.); donatella.bulone@cnr.it (D.B.)
7 Dipartimento di Ingegneria e Architettura, Università Degli Studi di Trieste, Piazzale Europa,
34127 Trieste, Italy; romano.lapasin@dia.units.it
* Correspondence: clelia.dispenza@unipa.it (C.D.); daniela.giacomazza@cnr.it (D.G.)
† The two authors contributed equally to the article.
Abstract: The aim of this work is the evaluation of the addition of Moringa leaf powder (MLP)
in cookies in terms of antioxidant properties, dough processability and sensorial properties of the
cookies. The total content of biophenols and flavonoids in MLP was detected and the identification of
the bioactive molecules was performed by HPLC-ESI-TOF-MS measurements, before and after oven
treatment at 180 ◦C for 20 min. After a preliminary evaluation of the MLP water soluble fraction
(MLPsf) cytotoxicity, its protective effect against an oxidative injury induced in the SH-SY5Y cells
was assessed. Data evidence that the bioactive molecules present in MLPsf are effective in preventing
ROS production and in protecting neuronal cells against oxidative stress. Prototypes of cookies
containing MLP in different concentrations were then produced and evaluated by a consumer panel.
Selected doughs containing MLP were analysed to determine the total content of biophenols in the
cookies after baking and their enrichment in terms of valuable chemical elements. The influence of
MLP on the viscoelastic behaviour and morphology of the doughs was also assessed. Finally, the
potential role in counteracting the insurgence of not treatable neurodegenerative pathologies of two
main MLP components, glucomoringin and kaempferol derivatives, present also after the thermal
treatment, was discussed.
Keywords: moringa leaf powder; HPLC-ESI-TOF-MS identifications; cytotoxicity; antioxidant effects;
rheology; SEM
1. Introduction
Recent evidence indicates that consumers are becoming increasingly demanding in
their requests for healthy food [1]. This implies that food industries are forced to revolution-
ize their products to meet the consumers’ requests, introducing foods and beverages richer
in bioactive molecules with proven benefits to human health. This trend originates by the
discovery that many lethal pathologies, such as cancer, diabetes, neurodegenerative and
cardiovascular diseases, share, at least in the first stage of the disease, the insurgence of a
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strong oxidative stress condition that is also intensely affected by diet [2,3]. Free radicals, be
they reactive oxygen species (ROS) or reactive nitrogen species (RNS), are formed during
metabolic reactions in living organisms [4]. In some physiological cases, they exert a func-
tional action but when are either in excess or not detoxified by the endogenous antioxidant
cell system, they can initiate noxious oxidative reactions [5,6]. Among the various organs,
the brain is the most susceptible to redox reactions due to its high content of unsaturated
fatty acids, high oxygen consumption and lack of an antioxidant defense system [7].
Antioxidant molecules present in vegetables and fruits are able to fight the poisoning
effect of ROS or RNS due to their abilities in neutralizing and extinguishing the formation
and propagation of free radicals [8–10]. Bioactive compounds are generally present in
low amounts in the food items. The intake of functional foods enriched with bioactive
molecules able to reduce inflammatory processes and ameliorate blood lipidic profiles, as
part of a balanced diet, could be useful in the direction of improving physical condition
and/or decreasing the risk of chronic disease appearance [8].
The plant of Moringa oleifera, belonging to the genus Moringaceae, unexplored until a
few years ago, comes from the Asian and Africa tropical and subtropical regions and is
gaining increasing popularity for its nutritional and pharmacological properties [11]. The
tree’s height ranges from 5 to 12 m with an umbrella-like crown and a short trunk. The
foliage can be evergreen or deciduous depending on the climate conditions. The leaves are
20–50 cm long with 4–6 pairs of pinnae distributed on the two sides of a long petiole [12].
Moringa Leaf Powder (MLP) is rich in β-carotene, proteins, vitamin C, calcium, potassium
and a wide range of antioxidant molecules. It is used in the treatment of inflammatory con-
ditions and cardiovascular, gastrointestinal and hepatorenal disorders [13]. Furthermore,
some recent studies have indicated that moringa extracts are effective against neuronal
damage [14].
The addition of 2.5% of MLP to white flour used for the traditional production of
pasta caused an increase of the protein content from 10.7% to 15.6% [15]. Furthermore, the
presence of MLP induced a reduction of the moisture content, guaranteeing an increased
shelf-life of pasta [15]. Food supplementation with MLF was also proposed as a viable
method to combat infant malnutrition in developing countries [16].
The aim of the present work is to evaluate if the health benefits of MLP can be retained
when the powder is added in cookies. In particular, the protective effect of the bioactive
compounds contained in MLP against oxidative stress as well as their ROS scavanging
ability were evaluated, using SH-SY5Y cells as the neuronal system model. The impact of
MLP addition in various amounts on dough processability was investigated by rheological
and morphological analyses. Moreover, the sensorial properties of MLP-containing cookies
were assessed by a blind test with a well-trained testing panel. The potential of two
main components identified in MLP, glucomoringin and kaempferol in counteracting the
insurgence of treatable neurodegenerative pathologies was also discussed.
2. Materials and Methods
2.1. Materials
The moringa leaf powder (MLP) was received from a local organic farming that does
not make use of synthetic chemicals. Nitric acid was purchased from Merck. Methanol,
acetonitrile used as eluent B, 2-propanol used in calibrant preparation and formic acid used
in the preparation of the mobile phase and calibrant preparation were purchased from
Fisher Scientific. Folin–Ciocalteu solution, sodium carbonate, gallic acid, methanol (HPLC
grade), acetonitrile (LC-MS grade), phosphoric acid 85%, Luperox® TBH70X tert-butyl
hydroperoxide solution (TBH) and 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA)
were purchased from Sigma-Aldrich (Milan, Italy). All the chemicals and solvents used
were analytical grade reagents or LC-MS grade. CellTiter 96® Aqueous One Solution Assay
(MTS) was purchased from Promega (Milan, Italy). The water used in all experiments was
obtained from Millipore Milli-Q (Millipore, Bedford, MA, USA).
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2.2. Biological Evaluation
2.2.1. Total Phenolic Content
In order to carry out the determination of the biophenols, a conventional solid-liquid
extraction was performed on MLP before and after the thermal treatment of MLP at 180 ◦C
for 20 min. Briefly, 3 g of the sample was added with 30 mL of 80:20 ethanol:water ex-
traction sovent, kept for 30 min, and decanted. The supernatant phase was maintained in
agitation at room temperature for 1 h. Samples were centrifuged at a relative centrifugal
force (RCF) of 12,499 for 15 min at 4 ◦C in a Sorvall ST 16 R centrifuge (Thermo Scientific,
Leicestershire, UK) and the supernatants were evaporated to dryness at 35 ◦C in the Savan
SC250EXP Speed-Vac (Thermo Scientific, Leicestershire, UK). The total phenolic amount
present was measured by the Folin–Ciocalteu assay in agreement with Hrncirik and Frische
with a few minor modifications [17]. In brief, 0.2 mL of 1:100 water diluted extracts was
added to 4.8 mL of water, followed by the addition of 0.5 mL Folin–Ciocalteu reagent. After
3 min, 1 mL 20 wt% sodium carbonate solution was added to the reaction mixture, and
finally mixed and diluted with water to 10 mL total volume. The absorbance of the mixtures
was measured after 2 h against a blank sample on a Shimadzu Spectrophotometer at a
wavelength of 765 nm. A gallic acid calibration curve, linear between 62.5 ÷ 250 mg/mL,
was used as a reference. The total phenolic content was expressed as mg of gallic acid
equivalents per kilogram of dried sample. The flavonoids’ determination was spectropho-
tometrically evaluated. Then, 0.1 mL of the centrifuged MLP suspension, described above,
was added to 5 mL of Millipore Super Q water. Then, 0.3 mL of a 5% NaNO2 and 3 mL of a
10% AlCl3 solutions were added in sequence for 5 min and mixed. Finally, 2 mL of 1 M
NaOH were added. The solution was left to rest for 10 min. The absorbance was measured
at 510 nm using a catechine calibration curve. All samples were stored at −20 ◦C until
analysis. In order to assure reproducibility, the extraction was carried out in triplicate.
2.2.2. HPLC-ESI-TOF-MS Analysis
For the analysis by HPLC-MS, MLP before and after the thermal treatment was
reconstituted in ethanol-water (80:20, v/v) at a concentration of 25 mg/mL. In order to
avoid solid particles, the samples were passed through a 0.2 µm regenerate cellulose
syringe filter (Millipore, Bedford, MA, USA). The analyses were performed in triplicate
on an Agilent 1200 HPLC instrument (Agilent Technologies, Palo Alto, CA, USA) of the
Rapid Resolution Series equipped with a binary pump, an online degasser, an auto-sampler
and a thermostatically controlled column compartment, as well as a diode array detector.
The samples were separated on an Agilent ZorBax Eclipse Plus C18 column (1.8 mm,
4.6 × 150 mm). The mobile phase consisted of water with 0.1% formic acid (eluent A) and
acetonitrile (eluent B). The gradient elution for resolving the compounds from MLP was
as follows: initial conditions 5% B; 10 min, 20% B; 21 min, 28% B; 30 min, 40% B; 35 min,
95% B; 37 min, 5% B; and 42 min, 5% B. The flow rate of mobile phase was 0.5 mL/min, the
column temperature was maintained at 25 ◦C and the injection volume was 10 mL.
Detection was performed using a microTOF II mass spectrometer (Bruker Daltonik
GmbH, Bremen, Germany) within a mass range of 50–1000 m/z operating in negative ion
mode. The coupling was performed with an electrospray ionization (ESI) interface (Agilent
Technologies, Palo Alto, CA, USA), using a “T” type splitter (split ratio 1:3) in order to
ensure stable ionization conditions and, consequently, reproducible results. Nitrogen was
used as the drying and nebulizing gas. The operating parameters were as follows: drying
gas flow rate, 9 L/min; drying gas temperature, 210 ◦C; nebulizer, 2.3 bar; capillary, 3500 V;
End Plate Offset, −500 V; Capillary exit voltage, −120 V; Skimmer 1, −40 V; Hexapole 1,
−23 V; Hexapole RF, 80 Vpp; Skimmer 2, −22.5 V; Lens 1 transfer, 50 ms and Lens 1 Pre-
Pulse Storage, 3 ms. In order to achieve accurate mass measurements with a precision of
5 ppm, external mass spectrometer calibration was performed with a 5 mM sodium formate
solution, prepared in water/2-propanol (1:1, v/v) with 0.1% (v/v) formic acid. In order to
recalibrate the mass spectra, the mixture was injected at the beginning of each run using a
74900-00-05 Cole Palmer syringe pump (Vernon Hills, IL, USA) directly connected to the
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interface. Each analysis was calibrated before identification in quadratic plus high-precision
calibration (HPC) regression mode.
All data acquisition and processing operations for chemical characterization of the
raw and heat-treated MLP were controlled with HyStar 3.2 and Data Analysis 4.0 software,
respectively (Bruker Daltonics, Bremen, Germany). This software provided a list of possible
elemental formula by using the Generate Molecular FormulaTM Editor, as well as a
sophisticated comparison of the theoretical with the measured isotopic pattern (Sigma
Aldrich St. Louis, MO, USA) for increased confidence in the suggested molecular formula.
Thus, the tentative compound identification was performed by the molecular formula
provided by the software in combination with the information reported in literature [18]
and from data bases such as SciFinder, Scopus or SciDirect.
2.2.3. Extraction of Water-Soluble Fractions
MLPsf was obtained from raw or heat-treated MLP by dissolving 10 mg of MLP in 1 mL
of PBS buffer (pH = 7.4; 137 mM NaCl, 2.7 mM KCl, 8 mM Na3PO4). The suspension was
twice sonicated in ultrasonic bath at 59 kHz and 198 W for 30 s and magnetically stirred for
two hours at room temperature. The insoluble fraction was removed by centrifugation at
14,000 rpm for 30 min at 4 ◦C and resulted 41.5% of the sample. The supernatant was collected,
filtered by using a 0.45 µm Sartorius filter, aliquoted (1 mL/vial) and stored at −20 ◦C.
2.2.4. Cell Cultures and Treatment
Neuronal SH-SY5Y (ATCC® CRL-2266TM) cells were cultured in T25 tissue culture
flasks. Complete Dulbecco’s Modified Eagle’s Medium and F12 (Corning, DMEM/F12;
1:1) were used, supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin
and 100 U/mL streptomycin (Sigma) and 2 mM l-glutamine in a humidified atmosphere
of 95% air and 5% CO2 at 37 ◦C. All treatments were performed at least 24 h after plating
in the 96-well plates. The cells were treated with 2.5 mg/mL, 5 mg/mL, 10 mg/mL and
15 mg/mL of MLPsf (hereafter identified as MP2.5, MP5 and MP10, MP15) or heat-treated
MLPsf (180 ◦C for 20 min) (HT-MP2.5, HT-MP5, HT-MP10 and HT-MP15). The control
groups (Control) received an equal volume of PBS.
2.2.5. Cell Viability and Morphology
Cells were grown at a density of 2 × 104 cell/well on the 96-well plates in a final
volume of 100 mL/well. Cell viability was assessed by MTS assay, measuring the formazan
absorbance at the wavelength 490 nm after 2 h incubation at 37 ◦C. Cell viability was ex-
pressed by normalization with the appropriate control. For the analysis of cell morphology,
cells were grown at a density of 5 × 103 cell/well on 96-well plates in a final volume
of 100 mL/well. At the end of the experiments, the cells were washed twice with PBS
and the cellular images were obtained using a Zeiss Axio Scope 2 microscope (Carl Zeiss,
Oberkochen, Germany).
2.2.6. Antioxidant Effect against ROS
To assess the ROS generation, SH-SY5Y cells were plated at a density of 1 × 104 cells/well
on 96-well plates in a final volume of 100 mL/well. To induce the oxidative stress 500 µM
tert-butyl hydroperoxide (TBH, Luperox® 70×) was used alone or in combination with
10 mg/mL of MLPsf or heat-treated MLPsf for 24 h. Previous data (here not shown) in-
dicated that a 24 h treatment with 500 mM of TBH is able to induce a reduction of about
40% of the cell viability. At the end of the treatment, each sample had dichlorofluorescein
diacetate (DCFH-DA, 1 mM) added and was placed in the dark for 1 h at room temperature.
After washing with PBS, the cells were analyzed by measuring the fluorescence intensity
with a Microplate Reader GloMax fluorimeter (Promega Corporation, Madison, WI, USA)
at the excitation wavelength of 475 nm and emission wavelength 555 nm. Results were
expressed after normalization with the appropriate control.
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2.2.7. Statistical Analysis
All values reported were obtained as the mean of at least three independent experi-
ments ± standard errors (SE). Results were compared using one-way analysis of variance
with pairwise comparisons among treatments made using t-test. The analyses were per-
formed using the SigmaPlot 11.0 statistical program (Systat Softwar, San Jose, CA, USA).
Results were considered statistically significant at p < 0.05.
2.3. Cookie Dough Preparation and Characterization
2.3.1. Cookie Composition and Preparation
The cookies were produced by a local company (“Le Farine dei Nostri Sacchi”,
Palermo, Italy) specialized in food manufacture for celiac patients. Dough ingredients per
1 kg, in descending amount, are rice flour, potato starch, sucrose, vegetable margarine,
3 whole eggs, water, apple pulp, glucose powder, modified potato starch, locust bean gum,
baking powder and guar gum. The dough percentage nutritional value, as indicated by
the producer company, are: carbohydrates 64 wt%, fats 12 wt%, proteins 4.5 wt%, fibers
2 wt% and minerals 0.15 wt%. The exact recipe is protected by a trade secret.
MLP was added at 1.5 wt%, 2.5 wt% and 5 wt% at the expense of rice flour. Hereafter,
doughs containing the MLP at 1.5, 2.5 and 5% will be indicated as M1.5, M2.5 and M5. The
reference dough is indicated as BD. For the cookie preparation, the doughs were kept in
the oven at the temperature of 180 ◦C for 20 min.
2.3.2. Panel Test
Thirty volunteer subjects (both celiac and healthy) were enrolled for the sensory
characterization of the four different cookie formulations, obtained by the untreated BD,
M1.5, M2.5 and M5, and trained in the use of the sensory profiles method [19]. The panelists
were trained with commercial biscuits and prototypes prepared by the local company. The
blind panel was requested to express its judgment through the evaluation of nine different
descriptors (color, smell, sweetness, sapidity, compactness, friability, crunchiness, adhesion
to the palate and persistence of flavor), assessing the appearance, the flavor and the
chewiness of the products. The evaluation was done by giving a score from 1 (very low
intensity) to 5 (very high intensity) for each descriptor.
2.3.3. Chemical Element Determination with ICP-OES Technique
The measurements were carried out according to the European Standard ENI 16943:2017
using optical emission spectrometry with inductively coupled plasma (ICP-OES) after
pressure digestion. The doughs treated at 120 ◦C for 20 min were homogenized and
weighted in appropriate microwave vessels. Then, 3 mL HNO3, 1 mL H2O2 and MilliQ
water up to 100 mL were added. The mineralization process occurred inside the Milestone
Ethos Touch Control microwave with a power ramp of 100 (5 min), 600 (5 min) and 1000 W
(10 min); the temperature was maintained at 200 ◦C and the pressure was 40 Bar. The
obtained material was dissolved in 100 mL of distilled water. The solution was filtered
using 0.45 mm Whatmann filter paper. Then, the sample was analyzed by ICP-MS model
Perkin Elmer Ais 200 to determine the chemical elements concentration. An analytical-
grade multi element standard solution containing known concentration of K (50 mg/L), Ca
(100 mg/L), Cu (1 mg/L), Fe (1 mg/L), Mg (50 mg/L), Mn (1 mg/L), Na (50 mg/L) and
Zn (1 mg/L) was used and the absorbances were read at the wavelegths of 766.49, 317.93,
327.40, 238.20, 285.21, 257.61, 589.59 and 206.20 nm, respectively. Lastly, the standard
solution and a blank were analyzed. The value of the chemical element concentration in
the sample was obtained by the following equation:
mg/kg = [(A × B)/W] × C (1)
where A = volume of extraction (g); B = dilution factor; C = chemical element concentration
(µg/mL); and W = weight of sample (g).
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2.3.4. Dynamic Rheological Tests
Dynamic rheological tests were carried out on the fresh raw doughs using a AR-G2
(TA Instruments, New Castle, DE, USA) rheometer equipped with an acrylic plate geometry
(diameter: 40 mm, gap height: 3500 mm) at the temperature of 25 ± 0.1 ◦C, controlled with
a built-in Peltier system.
The strain sweep measurements were performed at constant frequency (1 Hz) in the
strain range 5 × 10−6–3. The frequency sweeps were performed in the LVE regime at
constant strain (8 × 10−5) in the frequency range 0.02 ÷ 100 Hz.
2.3.5. SEM Morphological Analysis
Fresh raw dough microstructures were investigated using a Field Emission Scanning
Electron Microscope (SEM) Phenom ProX desktop at an accelerating voltage of 15kV. The
samples were frozen at −20 ◦C, freeze-dried, mounted on aluminum stubs and gold coated
by JFC-1300 gold coater (JEOL) for 120 s at 30 mA before scanning.
3. Results
3.1. Identification of Phytochemicals Present MLP
The Folin–Ciocalteu assay performed on MLP indicated 9031 ± 735 mg/kg and
2266 ± 165 mg/kg as total concentration of biophenols and flavonoids, respectively.
The single compounds present in the MLP were identified by HPLC-ESI-TOF-MS
analysis. Data are reported in Figure 1 and Table 1. The qualitative HPLC-ESI-TOF-MS
profile (Figure 1) showed a total of 35 compounds whose peaks were numbered according
to the elution order. Among these, 23 compounds were identified and classified by their
chemical structure, as displayed in Table 1. The same analysis was performed on the
heat-treated MLP to ascertain whether significant chemical modifications would occur due
to the thermal treatment. Interestingly, the heat-treated and not-treated samples did not
evidence any qualitative difference in the phytochemical profile (data not shown).
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Table 1. Proposed compounds in MLP, identified by HPLC-ESI-TOF-MS. The numbers in the first column correspond to the
peaks illustrated in Figure 1.
Peak RT Meas. m/z Calc. m/z Err. [ppm] Formula and Proposed Compound Chemical Class
1 3.4 195.0504 195.0510 3 C6H11O7 Gluconic acid Organic acids
2 3.5 191.0556 191.0561 2.9 C7H11O6 Quinic acid Organic acids
3 4 570.0949 570.0957 1.3 C20H28NO14S2 Glucomoringin isomer 1 Thyoglycosides
4 8.6 570.0970 570.0957 −2.3 C20H28NO14S2 Glucomoringin isomer 2 Thyoglycosides
5 9.7 164.0706 164.0717 6.8 C9H10NO2 Phenylalanine Aminoacids
7 12.7 353.088 353.0878 −0.6 C16H17O9→Caffeoylquinic acid isomer 1 Phenolic acid derivatives
8 13.1 203.0819 203.0826 3.4 C11H11N2O2 L-tryptophan Aminoacids
12 14.6 337.0924 337.0929 1.3 C16H17O8→Coumaroylquinic isomer 1 Phenolic acid derivatives
14 15.2 353.0884 353.0878 −1.6 C16H17O8→Caffeoylquinic acid isomer 2 Phenolic acid derivatives
16 15.9 593.1511 593.1512 0.1 C27H29O15→Multiflorin B Flavonoids
18 16.7 337.0928 337.0929 0.2 C16H17O8→Coumaroylquinic isomer 2 Phenolic acid
19 17.3 337.0924 337.0929 1.6 C16H17O8→Coumaroylquinic isomer 3 Phenolic acid derivatives
22 20.1 609.1466 609.1461 −0.8 C27H29O16→Kaempferol diglycoside Flavonoids
23 20.5 431.0981 431.0984 0.7 C21H19O10→(Vitexin) Apigenin glucoside Flavonoids
24 21.6 463.0893 463.0882 −2.4 C21H19O12→Quercetin glycoside Flavonoids
25 23.3 505.1004 505.0988 −3.2 C23H21O13→Quercetin–acetyl–glycoside Flavonoids
26 24.2 447.0948 447.0933 −3.4 C21H19O11→Kaempferol 3-O-glucoside Flavonoids
27 24.5 477.1037 477.1038 0.3 C22H21O12→Isorhamnetin 3-O-glucoside Flavonoids
28 26 591.1382 591.1355 −4.5 C27H27O15→Kaempferol glycoside– Flavonoids
hydroxy–methylglutarate
29 26.4 489.1049 489.1038 −2.2 C23H21O12→Kaempferol acetyl glycoside isomer 1 Flavonoids
31 27.2 489.1064 489.1038 −5.3 C23H21O12→Kaempferol acetyl glycoside isomer 2 Flavonoids
32 28.4 489.1051 489.1038 −2.7 C23H21O12→Kaempferol acetyl glycoside isomer 3 Flavonoids
34 35.1 327.2180 327.2177 −0.9 C18H31O5→Trihydroxyoctadecadienoic acid Fatty acids
isomer 1
3.2. In-Vitro Biological Evaluation of MLP Soluble Fraction (MLPsf)
The in-vitro biological evaluation was carried out with the MLPsf using SH-SY5Y cells
as the neuronal system model. The first investigation was devoted to the determination of
the highest dose of MLPsf that did not induce cytotoxic effects. The analysis was carried
out with both the extracts from MPL, raw and oven-treated. In Figure 2A, the results
of the neurotoxicity tests obtained after addition of solutions containing MLPsf or heat-
treated MLPsf at the concentrations of 2.5 mg/mL, 5 mg/mL, 10 mg/mL and 15 mg/mL
are reported.
The solutions were kept in direct contact with the cells for 24 h. Data indicated that the
presence of the MLPsf, thermally treated or not, did alter neither the viability of the cells nor
their morphology up to a concentration of 10 mg/mL (Figure 2B). This concentration was
then chosen for testing the effects of MLPsf against ROS generation. To this aim, a DCFH-
DA assay in SH-SY5Y cells was performed. DCFH-DA is a cell-permeable fluorogenic
probe that, after crossing cell membranes, is hydrolyzed by intracellular enzymes to
non-fluorescent DCFH. When ROS are present, DCFH is oxidized to fluorescent DCF
originating an intracellular green fluorescence that is more or less intense, depending on
the ROS concentration. Two different tests were performed; in the first one, aimed to verify
the protective effect of the bioactive compounds present in MLPsf, SH-SY5Y cells were
pre-treated with the MLPsf solution and, then TBH was added to induce an oxidative
stress (Figure 3A,B). In the second one, for the investigation of MLPsf scavenging activity
against ROS, TBH was added together with the MLPsf solution (Figure 3C,D). Control
experiments (here not shown) indicated that the addition of TBH at the concentration used
for the experiments was able to induce a reduction of the cell viability of about 40%. Our
results (Figure 3) showed that both the pre-treatment and co-treatment of cells with MLP
were effective in neutralizing neurotoxic effects induced by TBH.
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Figure 3. Antioxidant effect of the compounds present in the MLPsf. (A) DCF assay revealing the re-
covery of the oxidative stress induced by the addition of 500 µM TBH in SH-SY5Y cell line. Cells were
pre-treated for 24 h with 10 µg/mL MLPsf solutions obtained from raw and heat-treated MLP. Data
values are obtained after normalization with the appropriate control (red dashed line; SD < 0.06%).
Data concerning the PM10 and HT-PM10 sampl s are reported as control. (B) Morphological in-
spections of the SH-SY5Y cells after the t atment described i (A). Magnification 40×. (C) DCF
assay illustrating the reduced oxidative stress after co-treatment with 500 µM TBH and 10 µg/mL
MLPsf solutions containing raw and heat-treated MLP in SH-SY5Y cell line for 24 h. Data values are
reported after normalization with the control (red dashed line; error < 0.06%). Data concerning the
PM10 and HT-PM10 samples are reported as control. (D) Morphological inspections of the SH- SY5Y
cells after the treatment described in (C). Magnification 40× ** p < 0.02.
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3.3. Sensory, Chemical and Rheological Properties of MLP-Containing Cookies
MLP was mixed with the typical ingredients used to formulate gluten-free cookies
at three concentrations, 1.5 wt% (M1.5), 2.5 wt% (M2.5) and 5 wt% (M5). A blind test
was performed to check appearance, taste and chewiness of the MLP-containing cookie
samples in comparison to the MLP-free blank dough (BD) that is the reference commercial
product. Results (Figure 4) indicated a slight preference of the panel for the sample without
addition of MLP for sweetness and smell. For the other properties, the products with the
lower MLP concentrations (M1.5 and M2.5) were not statically different from those of the
reference product. The lowest rating was obtained for the cookies with the highest powder
concentration, M5. The panel expressed overall agreeableness towards M1.5 and M2.5
products and, for this reason, the M5 system was discarded. Further experiments were
then performed on M1.5 and M2.5 systems only.
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Figure 4. Results of the blind panel evaluation, testing appearance, taste and chewiness of three
different cookie samples containing MLP at the concentrations of 1.5 (M1.5), 2.5 (M2.5) and 5 (M5)
wt%. The commercial blank dough (BD) was used as reference.
The IPC-OES analysis after thermal treatment was performed to assess dough en-
richment in terms of valuable chemical elements. Results are reported in Figure 5. The
presence of MLP, even at the lowest concentration, caused a significant increase of calcium
(36%) and iron (28%) and a moderate rise of magnesium (16%) and potassium (12%) ions.
The enrichment of antioxidant compounds in the M1.5 dough compared to the blank
dough after backing was verified by the Folin–Ciocalteu assay (see Table 2), resulting in
about a doubling of the biophenols and flavonoids content.
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Figure 5. Quantitative IPC-OES analysis of the chemical elements present in the blank dough (BD)
and in the dough with 1.5 wt% of MLP (M1.5). * p < 0.05.
Table 2. Concentrations (mg/kg) of biophenols, flavonoids and anthocyanins in the blank dough
(BD) and in the dough with 1.5 wt% MLP (M1.5). Both doughs were baked at 180 ◦C for 20 min.
Class of Compounds BD M1.5 Dough
Biophenolsa 362 ± 48 899 ± 103
Flavonoids 48 ± 7 98 ± 16
Anthocyanins 10 ± 0.5 10 ± 0.5
Doughs for biscuit preparation are characterized by (i) low concen ration of proteins
and water; (ii) high content of f t and sugars; (iii) poor resistance to deformation; (vi) high
cohesion degree; and v) low elasticity and extensibility, if compared wit the doughs used
for bread preparation [20]. If, on one hand, a dough ith i elasticit is ot desirable for
cookies preparation because it tends to shrink during lamination, on the other hand, too low
elasticity may cause excessive spreading during baking due to the decrease of the viscosity
at the increase of temperature [20]. For this reason, knowing the rheological behavior of
the dough is of primary i portance. In Figure 6A, the profile of the elastic modulus as a
function of the oscillatory stress applied for the BD, M1.5 and M2.5 doughs is reported. This
measurement gives information about the stability of the system structure, investigating
the resistance and resilience of the material when the applied stress or strain increase.
For each sample, the limit of the linear viscoelastic region, that is, the region above
which the viscoelastic response became nonlinear, was selected for a departure from the G’
plateau value lower than 5%. It can be observed that the blank dough had a lower critical
threshold in comparison with both systems containing MLP (Figure 6A).
Mechanical spectra evidenced a solid-like behavior with frequency-dependence
(Figure 6B). Moreover, although the addition of MLP acted as mechanical reinforcement
for the dough with respect to the reference dough, the increment of the MLP content from
1.5 wt% to 2.5 wt% caused a reduction of the cohesive strength of the dough (Figure 6B).
These results are in agreement with the observation of Dachana and collaborators who
observed a reduction of the cohesiveness of the dough at increasing the dried moringa leaf
powder up to 15 wt% [21].
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This hypothesis was supported by the SEM analysis results (Figure 7). The M1.5 dough
showed a greater degree of compactness than that of the M2.5 sample, in which a coarse
structure with large fissures and poorly integrated starch granules can be recognized.
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On the contrary, the M1.5 sample presented a continuum of very small particles
where a higher number of small starch granules are visible. The BD sample appeared
morphologically similar to M2.5 with large fissures and very large and poorly anchored
starch granules. These differences could perfectly account for the observed rheological
behavior, with the highest moduli for the system that has the highest ratio of aggregated
to dispersed particles and particles with different size that can pack more densely than
monodispersed particles. An explanation of the MLP content on the morphology and
hence on the mechanical properties of the dough will require further investigations.
4. Discussion
It is well known that not-neutralized free radicals, generated by excessive reactive
oxygen or nitrogen species’ (ROS and RNS) production, stimulate in cells and tissues
a mechanism known as oxidative stress. This triggers the activation of a great variety
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of transcription factors that, in turn, stimulate the expression of genes involved in the
inflammation process [22]. Antioxidant molecules, present in plants, can interact with free
radicals, extinguishing the chains that increase their productions [22].
The phytochemicals that have been recognized in the leaves of Moringa oleifera can be
grouped in three main chemical families: flavonoids, biophenols and their derivatives, and
glucosinolates (GLs) and their derivatives [23,24]. In particular, glucomoringin, belonging
to the glucosinolate group, possesses several biological properties, being effective against
oxidation, viruses, fungi and bacteria [25]. Effects against inflammation, diabetes and
cancer have also been described [26,27]. In aqueous environments, GLs are enzymatically
hydrolyzed in glucose and unstable fragments; the latter undergo chemical modifications
giving origin to nitriles, epithionitriles and isothiocianates (ITCs) [28]. There are indica-
tions that the latter strongly counteract the insurgence of not treatable neurodegenerative
pathologies, such as Alzheimer’s (AD), Parkinson’s (PD) and Huntington diseases, Multiple
Sclerosis and Amyotrophic Lateral Sclerosis [29,30].
Other mostly present compounds, in different chemical rearrangements, that we
found in MLP are the kaempferol derivatives (Kmp) (see Table 1). Kmp belongs to the
flavonoid group and it can act as scavenger of free radicals and in protecting antioxidant
enzymes [30]. Furthermore, it is able to cross the blood-brain barrier (BBB), and for this
reason it contributes to lowering the brain oxidation level [31]. A recent study demonstrated
that the intraperitoneal injection of 10 mg/kg of Kmp was able to efficiently reverse the
cognitive dysfunction induced in streptozotocin-injected mice and increased the superoxide
dismutase (SOD) and glutathione (GSH) concentration in the hippocampal region [31]. The
Kmp 3-O-glucoside was found to possess anti-amyloidogenic properties by inhibiting the
fibrillation propensity of amyloid-beta peptide. Kmp 3-O-glucoside was capable to interact
with amyloid-beta protein, originating off-pathway non-amyloidogenic conformational
structures. As a consequence, an accumulation of smaller, soluble non-β-sheet and non-
toxic oligomeric structural species was recorded. [32]. It is also worth mentioning that
the inhibition of acetylcholinesterase, catalyzing the hydrolysis for acetylcholine (Ach) at
the synaptic level, is one of the therapies used for treatment of AD patients. As a result,
ACh remains active in the synaptic space reducing the symptoms of the disease. It has
demonstrated in vivo, both in drosophila and in mice models, that the oral administration
of Kmp exerted the same action, thus reducing the neurotoxic effect at the motor and
cognitive levels [33]. The experimental evidence of the presence of GLs and Kmp among
other phytochemicals, also after the heat-treatment, together with the above-presented
experimental evidence from other studies of the important potential neurological effects of
these molecules, prompted us to perform some further preliminary biological evaluations
of MLP extracts and validate the possibility of adding MPL in the dough of cookies without
altering its processing and organoleptic features.
5. Conclusions
The progressive lengthening of the life expectancy requires dietary strategies that may
be able to counteract the aging phenomena that mainly occur at the level of the Central Ner-
vous System. Many phytochemicals have been recognized in the leaves of Moringa oleifera
and they can be grouped in three main chemical families: flavonoids, biophenols and
their derivatives, and glucosinolates (GLs) and their derivatives. The results of this work
indicate that doughs enriched with MLP possess nutraceutical valuable compounds that
are still present after baking at a high temperature (180 ◦C) for 20 min. The MLP bioactive
compounds added in the cookies are not toxic and are able to prevent oxidative stress in
SH-SY5Y cells and protect them against ROS toxicity. Furthermore, the doughs enriched
with MLP have suitable mechanical properties that allow their lamination and provide
them with adequate resistance during baking. All gathered evidence encourages to proceed
with further biological and clinical investigations.
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